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Prior to the ‘Green Revolution’, the majority of subsistence farming any-
where in the world involved mixed species, usually including tree products
[1]. Pressures towards higher efficiency drove modern agriculture into
monocultures; the narrative of the green revolution in developing countries
largely followed suit. But in the background, subsistence agroforestry
systems have continued. As research has increasingly recognised the need
to encompass ecosystems services other than food production, agroforestry
has returned to the limelight. This special issue consolidates and celebrates
a generation of research on the topic, with a focus on Africa.
Agroforestry has emerged as a system for study in an era where research in
rural systems has moved beyond a purely agronomic focus to embrace a more
comprehensive view of social–ecological systems [2]. Hence the scope of
this issue is far more than production and ecology. It recognises and explores
examples of the intimate and interactive flow of influences between the
human and environmental aspects of delivering livelihoods at both local and
regional scales. Indeed, Africa faces major challenges of food, water and
energy security, equity and poverty and environmental degradation. In the
context of the livelihoods delivered by rural Africa to about 70% of its billion
people, agroforestry can assist with all of these challenges [1,3].
Socio-ecological links: Agroforestry farms and landscapes are a major part of
Africa’s rural landscapes [1], and the social–ecological interactions are
systemic. Trees on farm and in the landscape provide income, environmen-
tal outcomes [1], and a range of other ecological services [4]. In Sub-Saharan
Africa, woodfuel account for more than 80% of the region’s energy supply
[5], while fodder shrubs reduce the cost of meeting dairy cows’ protein
requirements [6]. But there are also more systemic social implications — for
example, women are usually responsible for managing trees [6], so agrofor-
estry has the potential to offer substantial benefits to women [7]. Agrofor-
estry practices can provide pathways to ecological intensification [8], whilst
potentially significantly reducing wood harvest pressures [5]. At the same
time, tree diversity patterns in farms and landscapes are themselves the
outcome of social–ecological processes [9].
Complex systems: Altogether, agroforestry systems can deliver non-intuitive
outcomes that must be understood and managed. For example, trees
influence the hydrological cycles [10], and biodiversity drives nutrient
recycling and water fluxes in agro-ecosystems [8]. Whilst this results in
positive outcomes, N2-fixing trees can also threaten water quality and
stimulate N2O emissions at rates comparable to mineral N fertilizers, though
these emissions may in turn be offset by increased carbon sequestration [11].
Such complexities often require attention to understand trade-offs [12].
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comes, farming practices and land management are key
to sustainable agroforestry [13]. Agroforestry options must
be suited to local variations in ecological and social
context [14]. For example, fodder trees require little land,
labour or capital but are knowledge-intensive [6]. Sim-
ilarly, Sahelian parklands, a risk prone environment,
reflect the local ecological knowledge of farmers [4]; in
such circumstances, participatory approaches are import-
ant, for example to enhance adoption of tree domesti-
cation [15]. More generally, many of the contributions to
this special issue touch on specific practices but under-
standing all their interactions can be challenging.
Learning from the past: To understand complex social–
ecological systems, a long view is essential. Trees in
Africa may form annual rings and grow to multi-century
age, allowing dendrochronology to reconstruct climate
trends and atmospheric circulation patterns, and provide
hard evidence about improved practices [16] and their
impacts on the overall social–ecological system. Atmos-
pheric moisture is influenced by terrestrial evapotran-
spiration [10], and the links between ecosystem
productivity and the hydrological cycle can be assessed
by tree rings [16]. For example, the critical dry season is
becoming longer in the Rungwe (Tanzania), potentially
driven by a positive feedback involving land use [17]. At a
broader scale, there are teleconnections, such as the
dependence of West African rainfall on East African
evapotranspiration [10]. However, the influence of tree
cover on rainfall and the water cycle is very location
dependent [10], such that local but long-term monitoring
is critical [17].
Addressing future change: But past information needs to
inform understanding for the future, in terms of managing
the climate but also other social and environmental
changes. Agroforestry can help meet a variety of climate
challenges, but will also be affected by climate change
[18]. It can contribute in various ways to mitigation and
adaptation to climate change [13]. For example in mitiga-
tion, agroforestry can contribute directly to effective,
efficient and equitable REDD+, though perhaps best
as a part of complementary landscape-level actions
[19]. In terms of adaptation, trees and agroforestry seem
to enhance the resilience of smallholder farmers to cli-
mate impacts because of their ability to perform both
biophysical and socio-economic roles [3]. Indeed, the
environmental services provided by agroforestry mean
that its adaptation potential extends well above the farm
level [3]. Yet, there will be other changes to contend
with where agroforestry can help. For example, coupled
with climate change, growth in demand for commodities
will accelerate intensification [8], but intensification
through agroforestry can help address some of the drivers
of deforestation [19] such as the projected increase in
charcoal demand [5]. Such issues require a deeperwww.sciencedirect.com understanding of the roles of agroforestry, as well as policy
actions to enhance smallholder farmer’s capacity to adapt
to climate impacts [3].
Policy potential: Policy frameworks at multiple scales play
a critical role in the multi-scaled nature of agroforestry
social–ecological systems, for example opening the
opportunities for markets in ecosystem services. There
are various potential approaches for tree-based ecosystem
services payments in Africa [20], including biocarbon
projects where carbon payments can help farmers shift
to sustainable and productive practices [21]. However, it
must be recognised that non-carbon benefits are often
more important to farmers than carbon benefits, and such
schemes need external, up-front funding to overcome
establishment costs [21]. More generally, there are many
social tools that policy measures can encourage, but each
of these has specific conditions that must be met for
success, to which decision-makers must pay attention.
These include better market information [22], public–
private partnerships for sustainable business develop-
ment [15], collective action for marketing [22], nesting
commodisation in co-investment projects [20], and pro-
duct certification (though this only improves the practices
of top farms [23]). In general, strong local institutional
capacity and secured land-use rights can support socio-
environmental benefits of agroforestry [21] if there
backed by higher support in agricultural policies [13].
Sustainability in agriculture as elsewhere is often under-
mined by conflict among multiple stakeholders [23]. It is
the role of policy to resolve such conflicts, but then policy
frameworks must be synergistic and aligned with current
practice [1], and integrate macro-economic policies [23];
here research should continue to help.
Research needs: Of course research needs remain and are
identified throughout this volume; in particular, guidance
on what systems work where, for whom and what circum-
stances are required [1]. There are specific priority con-
cerns. Particular practices may require more suitable
species, seed and extension [6]; in some cases, yield gaps
require the correction of deficiencies in particular bio-
physical environments [8] that may not yet be under-
stood; and there needs to be a continued emphasis on the
differentiated role of different parts of society, in particu-
lar that of women [7,24]. In implementing new markets,
although the science of high carbon sequestration  poten-
tial of agroforestry systems is solid, the practice of esti-
mating carbon potential lacks rigor and uniformity [25],
and really requires metrics that account for multiple
gases and impacts [11]. Robust impact projection needs
renewed effort in process-based agroforestry modelling
[18], partly to provide the basis for trade-off analyses,
though these need to deliver high utility for practical
decision-making [12]. To deliver on such challenges,
for example, linking adaptation and mitigation in agro-
forestry, research methods need to recognise theCurrent Opinion in Environmental Sustainability 2014, 6:134–137
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ing multidisciplinary approaches [9], invoking co-learn-
ing between farmers and researchers [14], and co-design
of research with policy makers [13]. In short, rigorous
research must be embedded in development and scaling-
up action [14], and deliver useful indicators for monitor-
ing progress [23].
Even this short survey starts to highlight some chal-
lenges for research and management of these complex
social–ecological systems. These challenges are faced
wherever research aims to bring development issues
together with global change science, as is the goal of the
new global research effort under Future Earth [26–28].
The ecological component is so complex that the
benefits of agroforestry will not be realised by promot-
ing a few practices [14,28]. The social aspects add
further complexities (and opportunities!), as illustrated
by the ways in which all steps in a management learn-
ing and decision cycle can be gender differentiated
[24]. Linkages between the social and ecological com-
ponents, mediated by local knowledge at farmer and
policy scales, mean that social learning is key to sus-
tainable multifunctional agricultural landscapes [23].
By bringing case studies across these dimensions into
one volume, this special issue aims to promote a new
and deeper understanding of agroforestry in Africa, and
of its potential to enhance the well-being of Africans in
to the future.
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